I.

Experimental methods
General
Solvents were dried by reflux under N 2 over sodium or CaH 2 and freshly distilled prior to use. Air-sensitive compounds were handled under a N 2 atmosphere using standard Schlenk and glovebox techniques. NMR spectra were recorded on Bruker SPECT NMR (400 MHz for 1 H, 376 MHz for 19 F, 100 MHz for 13 C) and Bruker DMX500 NMR (500 MHz for 1 H, 160 MHz for 11 B) spectrometers. Most assignments were based on a series of 2D NMR experiments. HRMS analyses were performed at Bruker micrOTOF II. GC-MS were obtained on a Focus GC-ISQ MS instrument. Crystallographic data for the structure reported in this paper have been deposited with the Cambridge Crystallographic Data Center: CCDC 1543216 (complex 4) contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre at www.ccdc.cam.ac.uk/data_request/cif. IMe 4 BH 3 (IMe 4 = 1,3,4,5-tetramethylimidazol-2-ylidene), 1 IPrCuBpin (IPr = 1,3-bis (2,6-diisopropylphenyl) imidazol-2-ylidene, Bpin = pinacolboryl), 2 2,4,6- 
Synthesis of 3:
A solution of I 2 (130 mg, 0.51 mmol ) in toluene (5.0 mL) was added to the solution of 2 (260 mg, 1.02 mmol) in toluene (5.0 mL). A vigorous evolution of gas was observed. 
Synthesis of 3-d 21 :
A solution of I 2 (254 mg, 1.00 mmol ) in toluene (5.0 mL) was added to the solution of 2-d 9 (530 mg, 2.00 mmol) in toluene (5.0 mL). A vigorous evolution of gas was observed. 
Synthesis of 1:
A suspension of [Ph 3 C][B(C 6 F 5 ) 4 ] (145 mg, 0.157 mmol) in toluene (1.5 mL) was added to the solution of 3 (60 mg, 0.16 mmol) in toluene (1.0 mL). The reaction mixture was stirred at room temperature for 10 min. Addition of hexane (6.0 mL) to the reaction mixture resulted in formation of a
Synthesis of 5:
A solution of 1 (160 mg, 0.151 mmol) in toluene (2.0 mL) was degassed twice and backfilled with 1.5 bar H 2 . After stirring at room temperature for one minute, the reaction mixture was dried under vacuum. The residue was washed with hexane (1.0 mL) and again dried under vacuum to give complex 5 (134 mg, 84% 
B(D) 2 (DMAP)][B(C 6 F 5 ) 4 ])
A solution of complex 1 (440 mg, 0.415 mmol) in toluene (5.0 mL) was degassed twice and backfilled with 1.6 atm H 2 (or D 2 ). After stirring at room temperature for 3 min, the reaction mixture was treated with DMAP (51 mg, 0.42mmol). Addition of hexane (10 mL) to the reaction mixture resulted in formation of a brown oil. The supernatant was discarded. To the brown oil hexane (2.0 mL) was added, and a white solid appeared after standing in an ultrasonic bath for 15 min. Then the supernatant was removed by filtration. The resulting white solid was washed with hexane (2 x 1.0 mL) and pumped to dryness to give [IMe 4 B(H) 2 
Synthesis of 7:
A solution of [Ph 3 C][B(C 6 F 5 ) 4 ] (308 mg, 0.332 mmol) in CH 2 Cl 2 (1.5 mL) was added to the solution of 2 (85 mg, 0.33 mmol) in CH 2 Cl 2 (0.5 mL). The reaction mixture was stirred at room temperature for 5 min. Addition of hexane (6.0 mL) to the reaction mixture resulted in formation of a brown oil. The supernatant was discarded. To the brown oil hexane (2.0 mL) was added, and a white solid appeared after standing in an ultrasonic bath for 15 min. Then the supernatant was removed by filtration. The resulting white solid was washed with hexane (2 x 1.5 mL) and pumped to dryness to give complex 7 (276 mg, 90% Figure S1 . Plots of the reaction between 1 and H 2 (excess) at various temperatures Figure S2 . Eyring plot of the reaction between 1 and H 2 (excess) Figure S5 . Plots of the reaction between 7 and HBpin at various temperatures The ratio of rate constants for path II and path III (k II /k III ) was calculated using the following formula:
Isotopic labelling experiment
k /k = (the ratio of crossover products) × 2 (the ratio of non − crossover products) − (the ratio of crossover products)
For example, k II /k III (195 K) = (9.7 x 2) / (90.3-9.7) = 0.24.
According to the Eyring-Polanyi equation, the linear dependence of k II /k III on 1/T is showed below: 
III. NMR spectra Figure S9 . 1 H NMR spectrum of 2 in CDCl 3
Figure S10 
IV. Computation details
Quantum chemical calculations were all performed at the density functional theory (DFT) level using the hybrid meta-GGA M06-2x functional, 9 which has been proven to give reliable results to the structural and energetic properties of non-covalent systems and reaction energy barriers. 10 The M06-2x functional has a mean absolute error in energy barriers of about 1.3 kcal/mol. The 6-31+G(d,p) basis set 10 was employed in all the calculations. All the DFT calculations were performed with a pruned (99,590) integration grid.
Full geometry optimization were carried out in the dichloromethane solution which was modelled by the polarizable continuum solvation model (IEFPCM) 12 with radii and non-electrostatic terms for Truhlar and coworkers' SMD solvation model. 13 This solvation model is by far the most reliable one in predicting solvation free energies. The convergence criteria used for the geometry optimization are 4.5010 -4 au. for gradients, and 1.8010 -3 au. for displacements. Harmonic vibrational analyses were carried out to confirm if the optimized structure is a local minima or a first order transition state and to provide zero-point vibrational energy corrections and thermal corrections to various thermodynamic properties. Transition states were further confirmed by IRC calculations. 14 All the calculations were performed by using the Gaussian 09 program. 15 
